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(54) CELL CASE, AND STRUCTURE FOR ATTACHING CELL CASE

(57)  [Problem] To provide a cell case, which main-
tains cell temperature low by reducing heatreception dur-
ing the time of non-use (at no power generation), while
ensuring heat dissipation performance during use (when
generating power), and which is capable of suppressing
reduction of cell capacity due to thermal degradation, and
to provide a structure for attaching the cell case.
[Solution] A cell case (100) has a sealed structure,
and houses a battery module (180) having at least one
cell (182). The cell case has a supporting mechanism
(140) for supporting the battery module (180), and which
forms a space (S) between the outer surface of the bat-

tery module and the inner surface of the case; afirst cover
layer (184), which has a radiation emissivity larger than
that of the outer surface of the battery module, and which
is disposed on the outer surface of the cell module; and
a second cover layer (124), which has a radiation emis-
sivity larger than that of the inner surface of the case,
and which is disposed on the inner surface of the case.
The first cover layer (184) and the second cover layer
(124) are opposed to each other at least partly through
a space (S).
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Description
Technical field

[0001] The presentinvention relates to a cell case and
a mounting structure for cell case.

Background art

[0002] To ensure insulating properties when sub-
merged, although various cell cases of sealed structure
have been proposed, it has been the issue to suppress
capacity loss due to thermal degradation (reduction of
cell life) of the cell accommodated inside. The radiation
performance has been improved for the cell which be-
comes hot due to heat generated during power genera-
tion by providing fin structure outside the housing (e.g.,
refer to Patent Document 1), conducting heat to a metal
plate of the housing (e.g.,. refer to Patent Document 2),
or making the outer surface of the housing to be of high
emissivity (e.g., refer to Patent Document 3).

Prior art documents
Patent literature

[0003] Patent Document 1: JP 2004-304881 A
Patent Document 2: H 10-333782
Patent Document 3: JP2008-130729

Summary of the invention
Problems that the Invention is to Solve

[0004] However,despite theradiation performance be-
ing secured during use (power generation), a cell case
is subject to be heated in an unused state (non-power
generation state) in the daytime by receiving heat at high
outside air temperature. The cell temperature conse-
quently rises and thermal degradation occurs. Specifi-
cally, when the cell temperature in unused state is higher
than the outside air temperature, it is difficult to suppress
to receive heat from outside so that there has been a
problem that the cell capacity decreases despite non-use
of the cell.

[0005] The present invention has been made in order
to solve the problems associated with the prior art de-
scribed above, while ensuring the heat dissipation per-
formance during the use (power generation), to reduce
the heat receiving during a unused time (non-power gen-
eration) and to provide a mounting structure to the battery
case so as to maintain a low cell temperature in which
the cell can be suppressed from lowering the capacity
due to the thermal degradation.

Mechanism for Solving the Problems

[0006] One aspect of the present invention for achiev-
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ing the above object is a sealed cell case which houses
or accommodates a cell module or battery module having
at least one cell. The battery module comprises a sup-
porting mechanism for supporting the battery module,
thereby forming a space between the outer surface of
the battery module and inner surface of the case, a first
cover layer disposed on the outer surface of the battery
module and having a higher thermal radiation coefficient
or emissivity than that of the outer surface of the battery
module, and a second cover layer disposed on the inner
surface of the case having a higher radiation coefficient
or emissivity than that of the inner surface of the case.
The first cover layer and the second cover layer are op-
posed to each other at least partly through the space.
[0007] Another aspect of the present invention for
achieving the above object is a mounting structure to the
battery case of sealed structure that accommodates a
battery module having atleast one cell or battery, wherein
the battery case comprises a supporting mechanism for
supporting the battery module, thereby forming a space
between the outer surface of the battery module and inner
surface of the case, a first cover layer disposed on the
outer surface of the battery module and having a higher
thermal radiation coefficient or radiation emissivity than
that of the outer surface of the battery module, and a
second cover layer disposed on the inner surface of the
case having a higher radiation coefficient or radiation
emissivity than that of the inner surface of the case. The
first cover layer and the second cover layer are opposed
to each otheratleast partly through the space. Inaddition,
the battery module has a pair of opposing surfaces op-
posed to each other and a wall surface which connects
the pair of opposing surfaces, wherein thefirst cover layer
is disposed on at least one of the pair of opposing sur-
faces, and the supporting mechanism is provided on the
wall surface. Also, with respect to the direction of gravity,
the one of the pair of the opposing surfaces is positioned
above while the other of said pair of opposing surfaces
is positioned below so as to be attached to the battery
case.

[0008] Still another aspect of the present invention for
achieving the above object is a mounting structure to the
battery case of sealed structure that accommodates a
battery module having atleast one cell or battery, wherein
the battery case comprises a supporting mechanism for
forming a space between the outer surface of the battery
module and the inner surface of the case, a first cover
layer disposed on the outer surface of the battery module
and having a higher thermal radiation coefficient or radi-
ation emissivity than that of the outer surface of the bat-
tery module, and a second cover layer disposed on the
inner surface of the case having a higher radiation coef-
ficient or radiation emissivity than that of the inner surface
of the case, wherein the first cover layer and the second
cover layer are opposed to each other at least partly
through the space. In addition, the battery module has a
pair of opposing surface portions opposed to each other
and a wall surface which connects the pair of opposing
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surfaces, wherein the first cover layer is disposed on one
of the pair of opposing surfaces. Also, with respect to the
direction of gravity, the one of the pair of the opposing
surfaces is positioned above while the other of said pair
of opposing surfaces is positioned below so as to be at-
tached to the battery case.

[Effects of the invention]

[0009] Accordingtothe presentinvention, because the
outer surface of the battery module and the inner surface
of the case respectively have a cover layer of radiation
coefficient or emissivity higher than the emissivity of the
associated base material, the heat dissipation at a high
temperature is improved and the dissipation properties
of the battery subjected to high temperature due to power
generation will be secured. In addition, because of a
space provided between the outer surface of the battery
module and the inner surface of the case for reduction
of heat receipt, the increase in battery temperature by a
heat receiving during non-power generation where the
ambient temperature is higher than the battery temper-
ature in the daytime. Therefore, by securing dissipation
performance during use (i.e. power generation) while re-
ducing the heat receipt or absorption during non-use (i.e.
non-power generation), such a battery case or an attach-
ment structure for the battery case may be provided
which maintains the battery temperature low and may
suppress reduction in battery capacity due to thermal de-
terioration or degradation.

[0010] By reference to the preferred embodiments il-
lustratedin the accompanying drawings and the following
description, other objects, features and characteristics
according to the present invention will become more ap-
parent.

BRIEF DESCRIPTION OF THE DRAWINGS
[0011]

Figure 1 is a cross-sectional view for explaining a
battery case of an embodiment according to the
present invention.

Figure 2 is a conceptual diagram for explaining the
radiation heat transfer in the embodiment according
to the present invention.

Figure 3 is a perspective view for explaining an ar-
rangement of the first cover or coating layer shown
in Figure 1.

Figure 4 is a diagram table indicating first to fourth
embodiments as well as first and second Compara-
tive examples showing measured values of thermal
transmittance at the time of receiving ambient heat.
Figure 5 is a diagram table indicating first to fourth
embodiments as well as first and second Compara-
tive examples showing measured values of thermal
transmittance at the time of high power output.
Figure 6 is a diagram table indicating first to fourth
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embodiments as well as first and second Compara-
tive examples showing measured values of temper-
ature at the time of high power output.

Figure 7 is a diagram table indicating first to fourth
embodiments as well as first and second Compara-
tive examples showing heat dissipation properties.
Figure 8 is a cross-sectional view for explaining a
dummy cell or battery module.

Figure 9 is a cross-sectional view for explaining
Comparative Example 1

Figure 10 is a cross-sectional view for explaining the
Comparative Example 2.

MODE FOR CARRYING OUT THE INVENTION

[0012] In the following an embodiment of the present
invention will now be described with reference to the
drawings,

[0013] Figure 1is a cross-sectional view for explaining
abattery case according toan embodiment of the present
invention, and Figure 2 is a conceptual diagram for ex-
plaining the heat transfer radiation according to the em-
bodiment of the present invention.

[0014] A battery case battery 100 pertaining to the em-
bodiment of the presentinvention is shaped substantially
rectangular, is provided with a case body 120 of recessed
shape for receiving a battery module 180, a bracket as
supporting mechanism of the battery module 180, and a
lid portion 160 to form a closed structure, and is used as
a power source mounted on the vehicle 190 for example.
[0015] The battery module 180 is shaped generally
rectangular, and is configured to be composed of a plu-
rality of containers 182 arranged juxtaposed, each ac-
commodating a plurality of cells 182. By connecting the
cells 182 in parallel or serial, a battery pack be formed
corresponding to a desired current, voltage or capacity.
For example, cell 182 is a flat-type lithium ion secondary
battery.

[0016] Bracket 140 forms a space S between the outer
surface of the battery module and the inner surface of
the case through an indirect supporting or fixing structure
such that the heat-receiving property of the inner surface
of battery case (cell) with respect to the heat from the
outer surface of the battery module (ambient air) is re-
duced. Therefore, the increase in battery temperature
due to the heat-receiving is prevented during non-power
generation in the daytime where the ambient or outside
temperature (30 °C, for example) is higher than the tem-
perature of the battery (20 °C, for example) such that
thermal degradation of the battery 182 during unused
time (at non-power generation) is suppressed.

[0017] On the outer surface of the battery module is
disposed afirst coverlayer 184 with aradiation coefficient
or emissivity higher than that of the outer surface of the
battery module while on the inner surface of the case is
disposed a second cover layer of radiation coefficient or
emissivity higher than that of the inner surface of the
case. The first cover layer 184 and the second cover
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layer 124 are opposed to each other through the space
S. The first coating layer having an emissivity higher than
emissivity of the outer surface of the battery module is
disposed on the outer surface of the battery module, the
inner surface of the case, the second coating layer having
emissivity greater than the emissivity of the inner surface
of the case 124 is located. And the second coating layer
124 and the first coating layer 184 has opposed through
the space S.

[0018] As described above, since the battery module
180 is supported (indirectly fixed) through bracket 140,
the heat transfer between the battery case 100 and the
battery module 180 is dominated by convective heat
transfer and radiative heat transfer.

[0019] As shown in Equation 1 of Figure 2,the heat
transfer q per unit area by convection heat transfer may
be calculated by multiplying the heat transfer coefficient
a1 and the value obtained by subtracting the absolute
temperature T space of the space S from the absolute
temperature T1 (surface) of the outer surface of the bat-
tery module. The heat transfer coefficient a1 is in turn
calculated by first multiplying 1/4 power of the product of
the Grashof number Gr and the Prandtl number Pr, the
thermal conductivity A of the space S, and 0.54, and sub-
sequently dividing by the representative length of the
heat transfer surface of the battery module 180. In other
words, the amount of heat transfer q per unit area by
convection heat transfer is linearly proportional to the dif-
ference between the absolute temperature, and the tem-
perature dependence is thus relatively small.

[0020] On the other hand, as shown in equation 2 in
Figure 2, heat transfer q per unit area due to radiation
heat transfer is calculated by multiplying the Stefan-
Boltzmann constant and a first value obtained by sub-
tracting fourth power of the absolute temperature T2 of
the inner surface (surface) of the battery case from fourth
power of the absolute temperature T1 of the outer surface
(surface) of the battery module, and then dividing this
first value by a second value obtained by substacting 1
from the sum of the reciprocal of the emissivity of the
outer surface of the battery modulee1 and the reciprocal
ofthe emissivity of the inner surface of the battery casee?2.
In other words, because the amount of heat transfer q
per unit area by radiation heat transfer is calculated by
the difference between the fourth powers of the absolute
temperatures, the temperature dependence is large.
[0021] Because of the presence of the first and second
cover layers 184,124, respectively, due to greater emis-
sivity compared to the substrate, in this embodiment the
heat dissipation at a high temperature due to radiation
heat transfer properties will be significantly improved.
That is, the heat dissipation of the battery at high tem-
perature, which is subjected to high temperature by heat
generated during power generation is improved such that
the heat dissipation performance during use (power gen-
eration) is ensured. For example, when the temperature
of the battery rises by heat generated during power gen-
eration and exceeds the outside air temperature (for ex-
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ample, 30 °C) and in accordance with increase in the
temperature difference to the outside air temperature,
the amount of heat transfer from the outer surface of the
battery module to the inner surface of the battery case
(cell) increases (in accordance with the difference of 4th
power of temperatures) such that a sufficient amount of
heat transfer by radiation may be achieved at the tem-
perature of use (e.g., at 60 °C).

[0022] Thus, the battery case 100 is configured, as de-
scribed above, to reduce the heat receiving properties at
the time of non-use while ensuring the heat dissipation
performance at the time of use (power generation) such
that such a battery case 100 may be provided that may
hold the battery temperature low and suppress the ca-
pacity loss of battery or cell due to thermal degradation
of the battery 182.

[0023] Figure 3 is a perspective view explaining an ar-
rangement of a first cover layer shown in Figure 1.
[0024] As the portions for the first cover layer to be
disposed are assumed planes A to F disposed in the
battery module 180. Surface A and the surface B repre-
sent a pair of relatively opposing surfaces. The surface
Ais a top surface located in the uppermost with respect
to the direction of gravity, and the surface B surface is a
bottom surface which is located in the lowermost with
respect to the direction of gravity. Surfaces C to F are
side wall surface that connects the plane A and plane B.
Surfaces C and D represent a pair of supporting side
surfaces opposing to each other and to which bracket
140 is fixed, and surfaces E, and F represent a pair of
non-supporting side surfaces opposing each other and
bracket 140 is not attached thereto.

[0025] Thus,when allthe surfaces Ato F (i.e. the entire
surface of the outer surface of the battery module) are
disposed with a first cover layer, and the entire surface
of the inner surface of the battery case 100 is disposed
by a second cover layer, since emissivity is improved
over the entire surface of the inner surface of the case
as well as the entire surface of the outer surface of the
battery module, it is possible to maximize the heat dissi-
pation when used in high temperature.

[0026] Further, when a first cover layer disposed on
the side wall surfaces of the battery module, and with
respect to the direction of gravity, the battery case is at-
tached such that the one of the opposing surface portions
is positioned above while the other one of the opposing
surfaces is positioned below, that is, when surfaces C
and D representing the supporting side surface of the
battery module as well as the surfaces E, F of non-sup-
porting side surfaces are applied with a first cover layer,
since surfaces C to F represent the portions of maximum
change in thermal resistance at high temperature with
respect to that at low temperature surface, the effects
per unit area of application is the highest. In addition, it
is preferable to apply the first cover layer to the non-
supporting side surfaces E, F, since that arrangement
will be able to suppress interference with the heat dissi-
pation performance due to the presence of bracket 140.
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[0027] Further, whenthe one ofthe pair of the opposing
surfaces in the battery module is applied with the first
cover layer, and the one of the opposing surfaces applied
with the first cover layer is positioned above while the
other of the opposing surfaces positioned below with re-
spect to the direction of gravity, to arrange the battery
case, that is, when the surface A representing the upper
surface of the battery module is applied with the first cover
layer, since the surface A represents a portion of the high-
est temperature, the average temperature may be de-
creased and the temperature variation from portion to
portion (surface to surface) can be reduced such that the
effects per surface of the first and second cover layers
will assume the highest.

[0028] Note that the first cover layer 184 and the sec-
ond cover layer 124 are not limited to the identical shape
and/or arrangement. For example, it is possible to be
configured in such a way that these are opposed to each
other at least partially or partly through the space S. In
addition, battery case 100 and battery module 180 are
not limited to a generally rectangular shape.

[0029] The firstand second layers 184,124 are formed
by applying a coating material containing a high radiation
and performing a baking process. As the high radiation
materials, for example, an oxide composite represented
by silica (SiO2) or alumina (Al203), or a clay mineral
such as kaolin may be enumerated. However, the first
and second cover layers 184, 124 are not limited to these
configurations formed by coating. For example, when the
base material or substrate of the outer surface of battery
modele and the inner surface of the case is aluminum,
by anodizing or chemical processing, forming of a high
radiation cover film is possible. Further, it is possible to
form the first cover layer184 and the second cover layer
124 in different compositions or formed by different proc-
ess.

[0030] With respect to bracket 140, the mounting form
is not particularly limited, and may be disposed on each
side surface, or placed on the top surface and the bottom
surface, for example, as long as no influence would be
exerted on heat transfer between battery case 100 and
battery module 180 where heat transfer through heat
conduction and heat radiation are dominant.

[0031] The lithium ion secondary battery has a power
generating element, an exterior material for sealing the
power generating element, and a tub (electrode terminal)
derived to the exterior of the exterior material. Power gen-
erating element is formed by sequentially stacking a pos-
itive electrode plate, negative electrode plate and a sep-
arator, sequentially. For example, the positive electrode
plate is formed by a positive electrode active material
layer consisting of a lithium-transition metal composite
oxide such as LiMn204. For example, the negative elec-
trode plate has a negative electrode active material layer
consisting of a carbon and lithium-transition metal com-
posite oxide. For example, the separator is formed from
porous PE (polyethylene) having an air permeability ca-
pable to penetrate the electrolyte.

10

15

20

25

30

35

40

45

50

55

[0032] Fromthe viewpointofweightreductionand ther-
mal conductivity, the exterior material consists of sheet
material such as a polymer-metal composite laminate
filmin which a metal (including alloys) such as aluminum,
stainless steel, nickel, and copper is coated with an in-
sulator such as a polypropylene film, and a part or entire
periphery thereof is joined by heat fusion. However, the
exterior material is not limited to the sheet material such
as a laminate film, a metal case may be employed in-
stead, however.

[0033] Now, description is made of a measurement re-
sult of heat radiation characteristics of the battery case
100 in the embodiment according to the present inven-
tion.

[0034] Figure 4, Figure 5, Figure 6 and Figure 7 show,
with respect to first to fourth embodiments as well as first
and second Comparative Examples, measured values
of thermal transmittance at the time of receiving ambient
heat. measured values of thermal transmittance at the
time of high power output. measured values of temper-
ature at the time of high power output, and heat dissipa-
tion properties, respectively. Figure 8 is a cross-sectional
view for explaining a dummy cell or battery module. Fig-
ures 9 and 10 are cross-sectional views for explaining
Comparative Example 1 and 2.

[0035] Battery cases having a dummy battery module
pertaining to the first to fourth embodiments as well as
the first and second Comparative Examples, are placed
ona insulating material of column shape placed on a table
within a room, output of the dummy battery module dum-
my is adjusted and left for a certain time for stable state
to be attained, and temperatures on each of surfaces A
to F are measured as measurement items. Based on the
heat transfer coefficient calculated from the measure-
ment temperatures, the heat radiation characteristics
were evaluated. The heat transfer coefficient (W / (m2 -
k) is calculated by dividing a power density (W/m2) by
the value obtained by subtracting the outside air temper-
ature (k) from the dummy cell module temperature (k)
('see Equation 3 in Figure 4). Power density (W/m2) is
calculated by dividing output (W) by area (m2) (see Equa-
tion 5 in Figure 4).

[0036] The dummy battery module 180A is an alterna-
tive to the battery module 180, and as shown in Figure
8, consists of a box made of aluminum with rubber heater
182A and the insulating material 186 disposed therein.
By controlling a voltage using a variac, rubber heater
182A is simulated for heating state of the battery or cell.
Flow rate of the outer surface of the battery module case
100 is assumed to be of a natural convection state as-
suming the vehicle stopped state in which ambient ther-
mal resistance is maximized. The insulating material 186
is disposed to prevent heat generated in the rubber heat-
er 182A to be transmitted to portions other than the outer
surface of the dummy battery module 180A.

[0037] Set temperature are aimed at 40 °C assuming
a low temperature region (i.e., ambient or outside tem-
perature) at receiving heat from an outside air tempera-
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ture and at 70 °C assuming a high power high-tempera-
ture region (between 70 to 80 °C) for high power output.
Temperature were controlled by changing output value
while holding the output of rubber heater 182A to be the
same on each surface. The point in time at which the
temperature has stabilized was set at the point at which
the difference between temperature of the upper surface
of dummy battery module 182A (surface A located in the
uppermost with respect to the direction of gravity) and
the outside air temperature assumed a steady-state val-
ue. This was intended to match the rate of heat dissipa-
tion with respect to the heat dissipation amount (output)
of rubber heater 182A at each experiment since a part
of heat amount generated by rubber heater 182A causes
a rise in the temperature of the members that make up
the dummy battery module 180A until reaching an equi-
librium state.

[0038] Temperature measurement was performed by
attaching a thermocouple to outer surfaces A to F of dum-
my battery module, inner surface of the battery case, and
outer surface of battery case. In addition, the outside air
temperature was also measured.

[0039] Now, description is made of the configurations
of the first to fourth embodiments as well as the first and
second Comparative Embodiments used for measure-
ments of heat dissipation properties.

[0040] Except for the difference in surfaces to which
the first and second cover layers are arranged or dis-
posed, the first through fourth embodiments are substan-
tially the same. The first and second cover layers are
formed by applying approximately 30pm thickness of
coating material for heat dissipation (Cooltech CT100 ©,
Okitsumo Co.) and performing a baking process. Note
that the first cover layer is disposed on surface C repre-
senting a supporting side surface in the first embodiment,
on all surfaces A to F in the second embodiment, on
surfaces E, F representing the non-supporting side sur-
face in the third embodiment, and on the top or upper
surface A in the fourth embodiment, respectively. The
second layer is disposed to oppose the first cover layer.
[0041] Except that, as shown in Figure 9, the first and
second cover layers are not disposed, Comparative Ex-
ample 1 is substantially the same as the first to fourth
embodiments. As showninFigure 10, in the second Com-
parative Example, the bottom surface B is fixed to the
inner bottom surface of the battery case tightly so that
the heat dissipation through heat conduction is dominant.
[0042] Now description is made of the evaluation re-
sults of heat dissipation characteristics.

[0043] As shown in Figure 7, the evaluation of heat
dissipation characteristics is performed based on the val-
ue of change in heat transfer rate at the time of high
output with respect to that at the time of low output, im-
proved value thereof, improvement rate in heat transfer
rate, and a temperature difference max- minAT and im-
proved value thereof.

[0044] The value of change in heat transfer rate rep-
resents a value expressed in percentage by dividing an
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overall heat transfer rate at high output by the overall
heat transfer rate at low output and subsequently sub-
tracting 1 from the divided value (see Equation (6) in Fig-
ure 7). The overall heat transfer rate is the sum of the
heat transfer rates of surfaces A through F (see Equation
(7) in Figure 7). The improved value of the rate of heat
transfer rate at high output with respect to that at low
outpu relates to the change of value of heat transfer rate
at high output with respect to that for low output and is
obtained by subtracting 1 from the values in each of the
embodiments (see Equation (7) in Figure 7).

[0045] The improvement rate in heat transfer rate is
obtained, after subtracting the overall heat transfer rate
at high output in the first Comparative Example from the
overall heat transfer rate at high output for each embod-
iment, dividing the subtraction result by a number of dis-
posed surfaces (see Equation 8 in Figure 7). The number
of disposed surfaces denotes the number of surfaces on
which the first cover layer is applied or arranged.
[0046] The temperature difference max-min AT relates
the temperature difference among surfaces A to F at high
output power and is obtained by subtracting the min. val-
ue from the max. value (see Equation) in Figure 7). The
improvementrate in the temperature difference, max-min
AT relates to the temperature difference max-min AT and
is obtained by first subtracting the value for each embod-
iment from the value in the first Comparative Example
and subsequently dividing by the number of disposed
surfaces (see Equation 10 in Figure 7).

[0047] As shown in Figure 7, according to the first em-
bodiment (first cover layer is disposed on the side sup-
porting surface C), the changed value for heat transfer
rate change during the high power to low output is better
than Comparative Example 1 , and the improvement val-
ue thereof represents the difference of approximately 3
percents. Since the heat transfer q per unit area by radi-
ation heat transfer is considered to be proportional to the
fourth power of the absolute temperature difference, the
heat transfer rate is indicated as being dependent on the
temperature.

[0048] That is, when the battery module is supported
by the bracket, the heat transfer between the battery
module and the battery case is dominant through con-
vective and radiative heat transfer, the heat transfer may
be determined by the sum of the convection heat transfer
(Equation 1in Figure 2) and radiative heat transfer (Equa-
tion 2in Figure 2). Thus, when atreceiving heat of outside
air (temperature region where heat receiving takes place
from ambient air), since the heat transfer effect by radi-
ation is small, the same level of heat transfer rate (heat
resistance) is shown as that of Comparative Example 1,
while at high output (during use at high temperature),
since the radiative heat transfer effects will be larger such
that the heat transfer rate is considered to increase com-
pared to Comparative Example 1.

[0049] Accordingtothe second embodiment (first coat-
ing layers on all surfaces A to F), the improvement value
of heat transfer rate change value at high output with
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respect to that for low output represents about 15 points
difference and shows the maximum value among the first
to fourth embodiments. This is considered in such a way
that the improvement over the entire outside surfaces of
battery module and the entire inner surface of the case
will maximize the heat dissipation during use at high tem-
perature.

[0050] According to the third embodiment (first coating
layer disposed on planes E and F is representing a non-
supporting side surface), the improvement rate in heat
transfer rate is 1.35 points and indicates the maximum
value among the first to fourth embodiments. This is due
to the surface E and surface F being the surface with
large heat transfer rate during use at high temperature
and thus representing the portion showing the maximum
change in heat resistance at high temperature with re-
spect to that at low temperature. Therefore, the improve-
ment magnitude is the highest. Note that the large heat
transfer rate at surfaces E, F during use at high temper-
ature is considered to be the effects of great heat rise
(convection heat transfer) in addition to the radiative heat
transfer.

[0051] According to the fourth embodiment (top sur-
face, A is disposed with first cover layer), the improve-
ment value in temperature difference, max-min AT is
about5 °C, and thus indicates the maximum value among
the first to fourth embodiments. Surface A is a surface
with low heat transfer rate during use at high temperature
(at high output) and thus is considered to be the surfaces
whose temperature will be high due to heatincrease (con-
vection heat transfer) such that the improvement level in
temperature variations among surfaces is the greatest.
[0052] As described above, in the present embodi-
ments, because a cover layer having an emissivity or
radiation coefficient higher than that of the associated
base material is provided between the outer surface of
the battery module and the inner surface of case, the
heat dispassion property is increased and the battery or
cell subject to high temperature due to heat by power
generation may secure the dissipation performance. In
addition, a space is formed between the outer surface of
the battery module and the inner surface of the case is
provided so as the heat receiving property is reduced.
Thus, the increase in cell temperature due to heat re-
ceived during the day time where the ambient tempera-
ture is higher than the battery temperature during non-
use. Therefore, bu securing dissipation performance dur-
ing use (power generation) while reducing the heat re-
ceiving property during non-use (no power generation),
the temperature of battery or cell may be held low and a
battery case or an attachment structure of battery to the
case may be provided, which is capable of suppressing
battery capacity decrease due to thermal degradation.
[0053] Further, when the first cover layer and the sec-
ond cover layer are disposed on the entire outer surface
of the battery module and the entire inner surface of the
cell first, respectively, the entire surface emissivity is im-
proved over the entire surface of the inner surface of the
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case and the entire surface of the outer surface of the
battery module, it is possible to maximize the heat dissi-
pation when used in high temperature.

[0054] When arranging the first cover layer to the wall
surface portion of the battery module, and with respect
to the direction of gravity, the battery case is configured
such that one of the opposing surfaces is positioned
above and the other positioned below, the wall surface
disposed by the first cover lay represents the portion of
maximum change in thermal resistance at high temper-
ature with respect to that at low temperature, the effects
per unit area of application will be the highest. In addition,
when the first cover layer is disposed on the non-sup-
porting surface of the wall surface portions, interference
with dissipation performance will be preferably avoided
due to the presence of the bracket.

[0055] When the first cover layer is arranged on the
one of a pair of the opposing surfaces of a battery module,
and with respect to the direction of gravity, the one of the
opposing surfaces applied with the first cover layer is
positioned above while the other one of the opposing
surfaces is positioned below to configure the battery
case, since the one of the pair of the surfaces represents
the position at the highest temperature, the average tem-
perature may be decreased with the variations in tem-
perature among positions (surfaces) being reduced so
that the effects per unit area of the first and second cover
layers will be the highest.

[0056] When configuring the battery module by arrang-
ing side by side, depending on disposing cells in series
and/or parallel fashion, a battery pack with a desired cur-
rent, voltage, and capacity may be formed.

[0057] The present invention is not limited to the spe-
cific embodiments described above. Rather, within the
scope of claims, various alterations or modifications are
possible. For example, the battery module is not limited
to the configuration in which a plurality of containers
housing a plurality of cells are disposed side by side, but
is applicable to the configuration in which the cell is not
accommodated within a container. In this case, for ex-
ample, the exterior material is disposed with a first cover
layer. In addition, the battery case is not limited to the
configuration for mounting to a vehicle. Further, the bat-
tery is not limited to a lithium-ion secondary battery, but
is applicable to a nickel hydrogen secondary battery as
well.

[0058] The present application is based on the Japa-
nese Patent Application, No.2011-031005 filed February
16,2011, and the disclosure of this Application is referred
to and incorporated herein in its entirety

DESCRIPTION OF REFERENCE SIGNS

[0059]

100 Battery case

120 Case body

124 Second cover layer



13 EP 2 677 593 A1 14

140 Bracket (support means),

160 Lid portion

180 Battery module

180A Dummy battery module

182 cell or battery

182A Rubber heater

184 First cover layer

186 Insulating material

190 Vehicle

Surface A (Top surface: one of a pair of opposing sur-
faces)

Surface B (Bottom surface: the other of the pair of the
opposing surfaces)

Surface C  (Wall surface portion: one of a pair of sup-
porting wall surfaces)

Surface D (Wall surface portion: the other of the pair
of supporting wall surfaces)

Surface E  (Wall surface portion: one of a pair of non-
supporting wall surfaces)

Surface F (Wall surface portion: the other of the pair

of non-supporting wall surfaces)
Space

Claims

A battery case which houses a battery module hav-
ing at least one cell, comprising:

a supporting mechanism for supporting the bat-
tery module, thereby forming a space between
the outer surface of the battery module and inner
surface of the case,

a first cover layer disposed on the outer surface
of the battery module and having a higher ther-
mal radiation emissivity than that of the outer
surface of the battery module, and

a second cover layer disposed on the inner sur-
face of the case having a higher radiation emis-
sivity than that of the inner surface of the case,
wherein

the first cover layer and the second cover layer
are opposed to each other atleast partly through
the space.

The battery case as claimed in claim 1, wherein
the first cover layer and the second cover layer are
disposed on the entire outer surface of the battery
module and the entire inner surface of the case, re-
spectively.

The battery case as claimed in claim 1, wherein
the battery module has a pair of opposing surfaces
and a wall surface connecting the pair of opposing
surfaces, and

the first cover layer is disposed on the wall surface.

The battery case as claimed in claim 3, wherein the
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wall surface has a supporting surface on which the
supporting mechanism is attached and a non-sup-
porting surface disposed with the first cover layer.

The battery case as claimed in claim 1, wherein
the battery module has a pair of relatively opposing
sufaces and a wall surface connecting the pair of
opposing surfaces, and

the first cover layer is disposed on the one of the pair
of the opposing surfaces.

The battery case as claimed in any one of claims 1
to 5, wherein

the battery module is configured to be composed of
a plurality of containers side by side each housing a
plurality of cells.

A mounting structure to a battery case that accom-
modates a battery module having at least one cell ,
wherein the battery case comprises:

a supporting mechanism for supporting the bat-
tery module, thereby forming a space between
the outer surface of the battery module and inner
surface of the case,

a first cover layer disposed on the outer surface
of the battery module and having a higher ther-
mal radiation emissivity than that of the outer
surface of the battery module, and

a second cover layer disposed on the inner sur-
face of the case having a higher radiation emis-
sivity than that of the inner surface of the case,
wherein

the first cover layer and the second cover layer
are opposed to each other at least partly through
the space,

the battery module has a pair of opposing sur-
faces opposed to each other and a wall surface
which connects the pair of opposing surfaces,
the first cover layer is disposed on the one of
the pair of opposing surfaces, and wherein,
with respect to the direction of gravity, the one
of the pair of the opposing surfaces disposed
with the first cover layer is positioned above
while the other of the pair of opposing surfaces
is positioned below so as to be attached to the
battery case.

The mounting structure as claimed in claim 7, where-
in

the wall surface has a supporting side surface on
which the supporting mechanism is attached and a
non-supporting surface on which the first cover layer
is disposed.

A mounting structure to a battery case of sealed
structure that accommodates a battery module hav-
ing at least one cell, wherein
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the battery case comprises:

a supporting mechanism for supporting the bat-

tery module and forming a space between the
outer surface of the battery module andthe inner 5
surface of the case,

a first cover layer disposed on the outer surface

of the battery module and having a higher ther-

mal radiation emissivity than that of the outer
surface of the battery module, and 10
a second cover layer disposed on the inner sur-
face of the case having a higher radiation emis-
sivity than that of the inner surface of the case,
wherein

the first cover layer and the second cover layer 15
are opposed to each other atleast partly through

the space,

the battery module has a pair of opposing sur-
faces to each other and a wall surface which
connects the pair of opposing surfaces, wherein 20
the first cover layer is disposed on the one of

the pair of opposing surfaces, and,

with respect to the direction of gravity, the one

of the pair of the opposing surfaces disposed by

the first cover layer is positioned above while 25
the other of the pair of opposing surfaces is po-
sitioned below so as to be attached to the battery
case.

10. The mounting structure as claimed in any one of 30
claims 7 to 9, wherein the battery module is config-
ured by arranging a plurality of containers side by
side each housing a plurality of cells.
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FIG. 2
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*OSED HEAT TRANSFER RATE WHEN RECEIVING OUTSIDE AIR TEMP. (W/im2- k, TEMP*C) EQ.3
______________ SURFACE NUMBER OF : g
WITH FIRST DISPOSED
COVER LAYER "OSED | SURFACE A|SURFACE B|SURFACE C|SURFACE D|SURFACE E{SURFACE F [OVERALL
LAYER SURFACES |(TOP {BOTTOM (SUPPORT {SUPPORT |(NON-SUPP (NON SUPP (EQ. 4)
SURFACE) |SURFACE) |SURFACE) |SURFACE) [SURFACE) SURFACE)
1st EMBODIMENT |SURFACE C 1 3.0 3.4 4.1 34 3.3 3.3 20.5
{2nd EMBODIMENT|ALL SURFACES [ 3.7 4.0 4.1 4.0 4.0 4.1 23.8
3rd EMBODIMENT |SURFACES E, F 2 3.0 3.4 3.5 34 4.0 4.1 21.3
4th EMBODIMENT |[SURFACE A 1 3.7 3.4 3.5 34 3.3 3.3 20.8
NOTDISPOSED,
SAME
COMPARATIVE
EXAMPLE 1 ?UCTURE [} 30 34 35 34 33 33 19.9
EMBODIMENT
NOT DISPOSED,
COMPARATIVE SURFACEBIN
EXAMPLE 2 CONTCT [+] 3.0 15.0 3.5 34 33 33 315
(ATTACHED)
EQ. 3) HEAT TRANSFER RATE (Wim?- k)= OUTPUT DENSITY (EQ.6) (DUMMY BAT. MODULE TEMP. - OUTSIDE AIR TEMP.)
EQ. 4) OVERALL HEAT TRANSFER RATE (W/m2- K ) = SURFACE A HEAT TRANSFER RATE + SURFACE B HEAT TRANSFER RATE + ...
SURACE F HEAT TRANSFER RATE
EQ. 6) OUTPUT DENSITY(W/m2) = OUTPUT (W) AREA (m?)
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FIG. 5 | | {
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LAYER SURFACES |(TOP (BOTTOM  {{SUPPORT {(SUPPORT {(NON-SUFPP |(NON SUPP
SURFACE) |SURFACE) |SURFACE) |SURFACE) |[SURFACE) |SURFACE)
1st EMBODIMENT {SURFACE C 1 31 35 4.7 34 34 34 215
2nd EMBODIMENT|ALL SURFACES [ 4.3 4.7 4.7 4.7 47 4.8 279
3rd EMBODIMENT |SURFACES E, Fi 2 3.1 3.5 3.5 3.4 4.7 4.8 23.0
4th EMBODIMENT |SURFACE A 1 4.3 3.5 3.5 34 34 3.4 215
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(ATTACHED)
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SURFACE NUMBER O ACTUAL TEMP. AT HIGH OUTPUT {70 °C) (C)
WITH FIRST DISPOSED
COVER LAYER SURFACE A|SURFACE B | SURFACE C|SURFACE D|SURFACE E |SURFACE F
LAYER SURFACES [(TOP (BOTTOM _[(SUPPORT |(SUPPORT |(NON-SUPP |(NON SUPP |
SURFACE) |SURFACE) [SURFACE) |SURFACE) |SURFACE) |SURFACE)
1st EMBODIMENT |SURFACE C 1 78.5 63.8 60.8 63.5 83.5 eas|
2nd EMBODIMENT |ALL SURFACES 8 64.2 61.0 60.6 61.0 60.6 60.3
3rd EMBODIMENT |SURFACES E, F 2 76.5 68.6 87.4 €8.5 60.6 60.3
4th EMBODIMENT |SURFACE A 1 64.2 68.6 687.4 68.5 68.5 €8.6
NOTDISPOSED,
SAME
COMPARATIVE
EXAMPLE 1 :RUCTURE 0 76.5 68.6 67.4 68.5 68.5 88.6
EMBODIMENT
NOT DISPOSED,
COMPARATIVE  |SURFACE B IN
EXAMPLE 2 CONTCT 0 76.0 58.0 66.5 67.2 67.7 67.3
(ATTACHED)
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FIG 10 COMPARATIVE EXAMPLE 2
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